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Standard Frequencies and Time
Signals WWV and WWVH?*

The National Bureau of Srandards’
Radio Stations WWV (in opcration since
1923) and WWVH (since 1949) broadcast
six widely used technical services: 1) Stand-
ard Radio Frequencies, 2) Standard Audio
Frequencies, 3) Standard Time Intervals,
4) Standard Musical Pitch, 5) Time Signals,
6) Radio Propagation Forecasts. All inquiries
concerning the technical radio broadcast
services should be addressed to: National
Bureau of Standards Boulder Laboratories,
Boulder, Colorado.

The radio bands in which the foregoing
services are broadcast are: 2500+3 ke
(2500+2 kc in Region 1); 500045 ke;
10,000 5 kc; 15,000 + 10 kc; 20,000 10 kc;
25,000 + 10 kc. These bands were allotted by
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standard of frequency and time interval
and making it readily available throughout
the United States and over much of the
world. The broadcast program is shown
schematically in Fig. 1.

STANDARD RADIO FREQUENCIES

Station WW\' broadcasts on standard
radio frequencies of 2.5, 3, 10, 15, 20, and
25 mc. The broadcasts are continuous, night
and day, except WWV is off the air for
approximately 4 minutes each hour. The
silent period commences at 435 minutes,
plus 0 to 15 seconds, after each hour.

Station WWVH broadcasts on standard
radio frequencies of 5, 19, and 15 mc. The
WWVH broadcast is interrupted for 4 min-
utes following each hour and half hour and
for periods of 34 minutes each day beginning
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too low for audibility on org; -
receivers, Y
The accuracy of each of the radio

quencies as transmitted is betier than { e

in 100,000,000. The stability {Quality 5
remait.ng fixed or unvarying; at the U:a o
mitter ijs normally within 1 part in;);;
at WWV and 5 parts in 109 a¢ \WWH
Deviations at WWV are abour 2 in g
each day; frequency adjustments are mag,
each day if necessary at 1900 UT. Deviatjy,

at WWVH are about 4 in 10w each da?
frequency adjustments are made each day
if necessary during the interval 1900 t;
1935 UT. If received accuracies better thap
3 parts in 107 are desired it is necessary o
make measurements over a long interva
e.g., 24 hours, to obtain an accuracy of 1’
part in 108, Such long-interval measurements
should preferably be of the type that resujt

L o

international agreement, in 1947, [or exclu-  at 1900 UT (Universal Time, UT is the in a strip chart record of frequency or phase
sive standard-frequency-broadcast use. same as GMT and GCT.) changes  (local oscillator s WWV or
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The National Burcau of Standards’ radio
stations are located as follows: WWV,
Beltsville, Maryland (Box 182, Route 2,
Lanham, Marvland); WWVH, Maui, Terri-
tory of Hawaii (Box 901, Puunene, Maui,
T. H.). Coordinates of the stations are:
WWYV (lat. 38°59'33" N., long, 76°50'52""
W), WWVH (lat. 20°1602°" N, long.
156°27'4277 W),

The WWV-WWV'H broadcasts are a
convenient means of transferring the national

* Received by the IRE, Tulv 23, 1956

Fig. 1

The standard radio frequencies are
widely used, e.g., by the communications
and electronics industry, research labora-
tories, and government. A local oscillator
may be set vs the received frequency, and
any desired radio frequency, including micro-
wave frequencies, may be accurately meas-
ured in terms of the standard. The beat
frequency method, or variations of it, is
zenerally used. With a very narrow band
receiver the standard radio frequency can
be nsed when the received field strength is

WWVH) during the measurement mtel}\;"‘
During intervals of about 10 hours of, ot
one may obtain highest accuracy when I? en
spheric conditions are normal and ¥
measurements are made at the opY
time of day which is when sunrise of S5
does not occur over the radio propaga” £
path.

Final corrections to
quencies are available on a quart@rlyd b
from the National Bureau of S@" aa:‘lo.
Boulder Laboratories, Bouider. Colora™
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GraNDARD AUDIO FREQUENCIES

standard audio frequencies, 440
_ad 600 cps, are broadcast on each radio
s frequency. The audio frequencies
cgrﬂ?‘;en alternately starting with 600c on
are g;xour for three minutes, interrupted
the minuies, followed by 440c for three
< utes and {nterrupted two minutes. Each
nglmimuc period is the same except for
:m'nsmitter juterruptions [see 1, p. 1470}

Two
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Correspondence

as transmitted is better than one part in
100,000,000. Changes in the transmitting
medium (Doppler effect, etc.) result at times
in fluctuations in the audio frequencies as
received.

StaxparD TIME INTERVALS
Seconds pulses at intervals of precisely
one second are given as double sideband
amplitude modulation on each radio carrier
frequency. The pulse duration is 0.005 sec-

1471

standard time interval for quick and ac-
curate measurement or calibration of time
and frequency standards and timing devices.
For example, a watch rate recorder may be
checked by recording the seconds pulses.
Intervals of one minute are marked by omit-
ting the pulse at the beginning of the last
secqu of every minute and by commencing

‘each minute with two pulses spaced by 0.1

second. The two-minute, three-minute, and
five-minute intervals are synchronized with
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FRECUENCT

The two standard audio frequencies are
Useful for accurate measurement or calibra-
on of instruments operating in the audio
ot ultrasonic regions of the frequency spec-
‘\\'Um. The frequencies broadcast were
thosen because 440c is the standard musical
Pich and 600c has the maximum number
0 mt.egml multiples and submultiples; also,

Oc is conveniently used with the standard
Power-frequency 60c.
WitEIECtrjmic ci.rcuits may be assoc.iated
mnveradxg receivers which automatically
rt 600c¢ to 1000c¢, 100c, ete.
¢ accuracy of the audio frequencies,

ieg

Fig. 2

ond. The pulse wave form is shown in Fig. 2.
At WWV each pulse consists of five cycles
of a 1000c frequency. At WWVH each pulse
counsists of six cycles of a 1200¢ frequency.
The pulse spectrum is composed of discrete
frequency components at intervals of 1.0c.
The components have maximum amplitudes
at approximately 995¢ and 1194c for the
WWV and WWVH pulses respectively.
At WWV the tone is interrupted 0.040
second for the seconds pulse. The pulse
commiences 0.010 second after commence-
ment of the interruption.

The seconds pulses provide a useful

the seconds pulses and are marked by the
beginning or ending of the periods when the
audio frequencies are off.

A time interval as broadcast from WWV
is accurate to 1 part in 10® plus or minus 1
microsecond. Received pulses have random
phase shifts or jitter because of changes in
the propagating medium. The magnitudes of
these changes range from practically zero
for the direct or ground wave to about 1000
microseconds when received via a changing
ionosphere. Multiple pulses and echoes are
sometimes received because of propagation
around the world and reflection from objects
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on the earth's surface. The beginning of the
first pulse received, 7.e., the part having least
delay, is most accurate and should be used.
When ionospheric conditions are normal and
the correct time of day is chosen, a fre-
quency standard can ‘be checked in a few
hours vs WWYV with a precision of about 1
part in 10%; however, it is best to use inter-
vals of 24 hours when comparing with this
precision.

In using the time interval markers for
high precision work it is necessary to re-
member that step adjustments of precisely
+20 milliseconds may be made at the trans-
mitter on Wednesdays at 1900 UT; this is
explained under the section on Time Signals.

The seconds pulses from WWVH are
adjusted if necessary each day during the
interval 1900 to 1935 UT so as to commence
simultaneously with those from WWV,
within plus or minus 500 microseconds.

StanoarRp MUusicaL Prrer

The frequency 440 cps for note A above
middle C has been the standard in the music
industry in the United States since 1925. The
radio broadcast of this standard was com-
menced by the National Bureau of Stand-
ards in 1937. It is now given six times per
hour, 18 minutes per hour, from WWV and
WWVH as shoewn in Fig. 1. With this broad-
cast the standard pitch is maintained and
musical instruments are manufactured and
adjusted vs an unvarving standard. Listen-
ers of music are benefited because there are
fewer instruments not in tune and practi-
cally no instruments are manufactured which
cannot be tuned to 440c.

A high frequency or short-wave radio
receiver is the only equipment nceded to
effectively use the musical pitch standard.

TIME SI1GNALS

The audio frequencies are interrupted
at precisely two minutes before each hour.
They are resumed precisely on the hour and
each five minutes thereafter; they mark
accurately the hour and the successive 3-
minute periods (see Fig. 1).

Time signals from WWYV are maintained
in close agreement with uniform time, called
UT 2, determined by the U. S. Naval Ob-
servatory. This is done by occasional step
adjustments in time, when necessary, of
precisely plus or minus twenty milliseconds.
These adjustments may be necessarv several
times per vear. When required, thev are
made on Wednesdays at 1900 UT simul-
taneously at WWV and WWVH.

Universal Time is announced in tele-
graphic code each five minutes from WWV
and WWVH. This provides a quick refer-
ence to correct time where a timepiece mav
be in error by a few minutes. The zerc-'to
twenty-four-hour system is used starting
with 0000 at midnight. The first two figures
give the hour and the last two figures give
the number of minutes past the hour when
the tone returns. For example, at 1635 UT,
or 11:35 a.M., Eastern Standard Time, four
figures (1, 6, 5, and 5) are broadcast in code.
The time announcement refers to the end of
an announcement interval, j.e., when the
audio frequencies are resumed.
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At Station WWV a voice announcement
of Eastern Standard Time is given before
and after each telegraphic code announce-
ment. For example, at 9:10 a.nm., EST,
the voice announcement in English is:
“National Bureau of Standards, WWV;
when the tone returns, Eastern Standard
Time is 9:10 aM.”

Final corrections to the time signals, as
broadcast, are determined and published, on
a weekly basis, by the U. S. Naval Observa-
tory, Washington 25, D. C.

RADIO PROPAGATION FORECASTS

A forecast of radio propagation condi-
tions is broadcast in telegraphic code on each
of the standard radio carrier frequencies:
from WWV at approximately 19.5 and 49.5
minutes past each hour, and from WWVH
at approximately 9.4 and 39.4 minutes past
each hour, as shown in Fig. 1. Propagation
notices were first broadcast from WWYV in
1946; the present type of announcement has
been broadcast from WWV since July, 1952,
and from WWVH since January, 1954.

The forecast announcement tells users
the condition of the ionosphere at the regular
time the forecast is made and how good or
bad communication conditions are expected
to be in the succeeding 6 or more hours, The
NBS forecasts are based on information ob-
tained from a world-wide network of geo-
physical and solar observatories, including
radio soundings of the upper atmosphere,
short-wave reception data, and similar infor-
mation. Trained forecasters digest the infor-
mation and formulate the predictions.

From WWYV the forecasts refer only to
North Atlantic radio paths, such as Wash-
ington to London or New York to Berlin.
The times of issue are 0500, 1200 (1100 in
summer), 1700, 2300 UT. These are the
short-term forecasts prepared by NBS-
CRPL North Atlantic Radic Warning
Service, Box 178, Fort Belvoir, Va.

From WWVH the forecasts are for North
Pacific radio paths, such as Seattle to Tokyo
or Anchorage to San Francisco. The times
of issue are 0200 and 1800 UT, with these
forecasts first broadcast at 0239 and 1839 UT
respectively. These are short-term forecasts
prepared by NBS-CRPL North Pacific
Radio Warning Service, Box 1119, Anchor-
age, Alaska. (Another short-term forecast
at 0900 UT may be broadcast at a later
date.)

The forecasters assume that the most
suitable radio freqencies for communications
are available and in use for the typical paths.
Because of this assumption, their notices
must be interpreted on a relative scale in
terms of experience on each radio circuit in
use. I't is impossible to rate conditions on an
absolute scale since the varied effects of
transmitter power, type of communications
traffic and procedure,antennas and receivers,
prevent an evaluation which will be valid
for all circuits. One purpose of broadcasting
both a description and a forecast is to show
more clearly whether propagation conditions
are expected to deteriorate or improve in the
coming period.

The forecasts broadcast by WWV and
WAVVH apply only to short-wave radio
transmissions over paths which are near the

Octobe

auroral zone for a considerable parr of the:
length. In this zone the ionospheric 13\,elr
are very likely to be disturbed, ang becésrs
short-wave, long-range radio t’aHSmissioi
are dependent on the condition of the
ionosphere, communications may pe dic.
rupted. Often the ionospheric disturbange
accompanies intense magnetic field varia.
tions and a brilliant aurora. The resultin
propagation effects range from severe fading
to a complete break in the CommMunicatipng
link.

The forecast is broadcast as a letrer and
a digit. The letter portion of the announge.
ment identiftes the radio quality at the time
the forecast is made. The letters denoting
quality are “N,” “U,” and “W)” signifying
that radio propagation conditions are ngr.
mal, unsettled, and disturbed. The digit
portion is the forecast of the radio propaga.
tion quality on a typical North Atlantic
(from WWV) or a typical North Pacific
(from WWVH) transmission path during
the 6 or more hours after the forecast is made.
Quality is graded in steps ranging from 1
{useless) to 9 (excellent) as {cliows in Table
I. If, for example, propagation conditions
at the time the forecast is made are normal
but are expected to be only “poor-to-fair®
within the next 6 or more hours, the an-
nouncement wouid be broadcast as N4 in
international Morse code.

-

Disturbed Grades|
(W)

1-—useless i
2~~very poor !
3—poor i

4——poor-to-fair

ALITTING

RADIATED POWER, TRaY
ANTENNAS, MODULATION
Radiated power is shown in Table II
below.

ABLE II
Frequency, mc I Pm\‘s{r"r%w
!

2.5 H 1 .

5 8 :
10 9 | K
15 9 : :
20 i 1 1
25 ! 0.1 .

The broadcast on 2.3 mc is from a vert
cal quarter-wave antenna. The brmdcqsti
on all other frequencies are from verticdl
half-wave dipoles. The radiation is omfl
directional. ‘

The per ceat amplitude mndulanen
double sideband, is:

audio frequencies 440 or 600

cps 73 per cent
voice and seconds pulses, .
peak, 100 per Rt

At WWV, the tone frequency 4
except on 25 mgc, is experimenta
as a single upper sideband with

is about one-third the carrier pov
sideband tone on 23 mc may be & )
fater date. Other signals {announcemedt®
and seconds pulses) are double sidehand
100 per cent amplitude moduiation.



ACCURACY
] requcncics from .\r'v"\'\'V aud. WWVH
atc to within 1 part in 10% as
Jeast; this is with reference to the U. S.
b.foaql Observatory time and is limited by
1 '\:C‘e}minties in the immediate determina-
L ul

F

accur

o of astronomical time.

w0 The radio frequencies may be consistent-
¥ ceceived with accuracies equal to these
' psmitted for several hours per day during
t or total darkness over the trans-
pission path at locations in the service
nge- This was described in the first section.
" Large errors are Faused by motion gf Fhe
adio receiver relative to the tran'smlttmg
) by motions of the reflecting iono-

total ligh

stations OF . . .
spheric Javers on which long-distance radio

cehicle moving 60 miles per hour relative to
2 fixed station, the received frequency would
‘be in error by about 1 part in 107, Measure-
ments made at NBS Boulder Laboratories
nd at WIWVH have shown that during the

Corres pondence

Washington 23, D. C., price in U. S, $1.00
per vear (12 issues} and 30 cents per copy,
respectively (foreign, $1.25, and 40 cents).

OTHER STANDARD FREQUENCY AND
Rap10 TIME SIGNAL SERVICES

The U. S. Naval Observatory, Depart-
ment of the Navy, broadcasts time signals
at regular intervals from NSS (Annapolis,
Md.), NPG (Mare Island, Calif.), NPM
(Peari Harbor, Hawaii), NBA (Balboa,
Canal Zone). Detailed information may be
obtained from the U. S. Naval Observatory,
Washington 25, D. C.

The Dominion Observatory, Ottawa,
Canada, broadcasts time signals continuous-
ly over Station CHU on frequencies of
3330, 7335 and 14670 kc. Information may
be obtained by writing the Dominion Ob-
servatory.

A comprehensive list of United States
and foreign radio time signals is given in
chapter 3 of “Radio Navigational Aids,”

TABLE 11I

f
}r pmpagation depends. For example, on a
3
I
]
|
:

} :_”"'—-”— .‘——————- ; i p - P -
’ gf“;lll | Location Carrier Frequency Mc | Modulation cps i arrlerkwower
ign
——— - N iTH e - i -

' LOL Buenos Aires, Argentina | 2.5,5, 10,15, 20, and 25 1, 440, 1000 1 2
! 00 Johannesburg, South Africa | 5 ' 1 i 0.1
| 7LFS 1| Lower Hutt, New Zealand 2.5 . — i 0.035

— Moscew, USSR 10 and 13 1 ‘ —

MSF 1 Rugby, England i 2.5, 5, and 10 1, 1000 0.5

Yy ' Pakvo, Japan 2.5, 5 10. and 15 1, 1000 | 1

T8F | Torino. Italy | 5 1, 440, 1000 | 0.3

— | Ucele, Belgium i 2.5 — i 0.02

course of the day errors lu the received fre-
quencies vary approximately —3 to 3
parts in 107,

Daily deviations in frequency and time
of stations WWWV and WWVH are tabulated
ona quarterly basis. These data are available
on request. In Fig. 2 are plotted time signal
deviations cxtending back 7 years. The
deviations mav be considerably less com-
mencing in 1956.

:
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Distaxce RANGE oF RECEPTION

_ Of the standard radio frequencies (2.5,
3, 19, 15, 20, and 25 mc), the lowest provide
service to short distances, and the highest
10 great distances. Reliable reception is in
general possible throughout the United
States and the North Atlantic and Pacific
Oceans, and reception at times throughout
the world. One should select the frequency
that gives best reception at any particular
place and time. This can be done by two
methods: ’

1) By tuning to the different frequencies

:.ﬂd selecting the one most suitable at that
ime.

tionz)fo 11'1:.1kirng use of techvniques of predic-
u=ef01 Fsaoiﬁeixrequenmes. NBS publications
t};e LéROI‘ tlins Qurpgse are the' reports of
ton P PLJ series, .Basw Radlo Propaga-

redictions,” which are issued monthly,
pr:; months 'inmadvance‘?f the month of
urelctxon, and Circular 463 of t'he Naticnal
. alfl of S'tandard.s, “Instructions for t.ha
tions?’ Bazic Radio Propagation Predic-
°btai'n dThese 1two pukzhcatlons may be
mentse Yfrom the Supermtend_en? of Docu-

+ U. S. Government Printing Office

Hydrographic Office publication No. 208,
for sale by the Hydrographic Office, Wash-
ington 25, D. C., price $2.00, U. S. or for-
eign.

Standard frequencies and time signals
are broadcast by other stations as indicated
in Table I1I above.

NATIONAL BUREAU OF STANDARDS,
Boulder Laboratories,
Boulder, Colo.

Analog Computer Amplifier Circuits*

Operational amplifiers most frequently
found in electronic analog computers have
a general connection shown in the block
diagram of Fig. 1(a). Here, 4 is a dc ampli-
fier whose gain is real and negative over the
range of operating frequencies, and N; and
Np are the input and the feedback net-
works, respectively. If the gain of 4 is
sufficiently high, the transfer function is
determined only by N; and Np. In this
case the terminals & and ¢ are essentially
at the ground potential.! Then it can be
said that, so long as the reciprocity theorem
holds with these networks, the terminal
connections of the networks may be re-

% Received by the IRE, fune 20, 1956.
: G. A. Korn and T. M. Korn, “Electronic Analog

Computers,” McGraw-Hill Book Co., Inc., New York.
N. Y., 1952; Ch. 4.
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Fig. 1—Operationai ampiiiers.

versed with no change in the transier func-
tion. In other words, the operational
amplifiers of Fig. 1(b), 1{c), and 1{d} give
the same transfer function.

An example follows: Fig. 2(a) is a con-
stant coefficient multiplier commonly found
in analog computers, whereas Fig. 2(b) is
a new constant coefficient multiplier de-
rived from Fig. 2(a) using the principle
described above. These multipliers haw
the identical transfer function when the
gain A is very high. When the gain 4 is
limited, the transfer fuaction is affected
by A. The amount of error due to this effect
depends on the circuit connection. The
circuit of Fig. 2(a) is superior, in this re-
spect, to that of Fig. 2(b). However, the

~.
IN A
g 2
ouT

Fig. 2-——Constant coeflicient multipiiers.

latter has a higher input impedance than
the former, because R; is usually made much
higher than R to reduce the error resulting
from potentiometer loading.

HIRGSHI AMEMIVA,
Showa Denshi, Ltd.,
Totsuka-ku,

Yokohama City, Japan.



